Detection and molecular analysis of West Nile virus infections in birds of
2003 belonged to lineage 1, whereas wild bird mortality was due to a lineage 2 strain, which 44 was for the first time identified in a goshawk in a national park in southeastern Hungary inA c c e p t e d M a n u s c r i p t West Nile 13.09.2010 eveline.wodak@ages.at WNV-antigen was performed using an avidin-biotin complex (ABC) detection system 72 according to the manufacturers instructions. The primary antibody was a polyclonal anti-73 WNV mouse serum (dilution: 1:2500; kindly provided by Dr. B. Murgue, Institut Pasteur, 74 Paris), which has been previously shown to efficiently detect WNV antigen in positive control 75 tissues (Weissenböck et al., 2003) . 76
Molecular analysis 77
Viral RNA was isolated with the RNeasy ® Kit (Qiagen, Vienna, Austria) from a pool of 78 selected tissues including brain, spleen, lung, liver, intestine and trachea. Initial WNV-79 specific analysis was performed using a modification of the method published by Linke et al. 80 (2007) with 5µl RNA and the SuperScript III™ Platinum® One-Step Quantitative RT-PCR 81 System (Invitrogen). For verification, a RT-PCR, based in the conserved NS5 region, which is 82 able to detect all members of the Japanese encephalitis virus antigenic group of flaviviruses 83 (Weissenböck et al., 2002) was applied. This RT-PCR was performed with the SuperScript 84 III™ Platinum® RT-PCR System (Invitrogen) by using 5µl RNA and 500nM of each primer 85 in a 25µl total reaction volume. The PCR products were analysed by electrophoresis on a 86
1.5% agarose gel and DNA was purified with the QIAquick® Gel Extraction kit (Qiagen). 87
Sequencing reaction was prepared with the Big Dye® Terminator v3.1 kit (Applied 88 Biosystems), and analysed in a 3130xl Genetic Analyzer (Applied Biosystems). WNV NS5 89 partial sequences of 897bp were aligned using the Bionumerics software v6.0 (Applied 90
Maths, Sint-Martens-Latem, Belgium). In order to investigate the genetic relationship of the 91
Austrian WNV samples to representative other WNV strains, a phylogenetic tree was 92 constructed by UPGMA analysis. WNV strains published in the NCBI GenBank representing 93 lineages 1, 2, putative lineages 3, 4 and 5, and Usutu Virus strains as outgroup were included. 94
Recent WNV strains characterised in humans and animals, and those isolated from birds in 95
Hungary (Bakonyi et al., 2006) with 1% l-glutamine, 5‰ Fungizone and 10 % fetal calf serum. Sera were inactivated for 119 30min at 56°C. Serum samples were diluted in a 50µl system in two-fold steps, starting with a 120 dilution of 1:10 to 1:1280. The 100TCID 50 titer of the stock solution (WNV isolate of the 121 goshawk, case 1) was 10 -3.3 in 50µl. 50µl of the stock solution was added to each well except 122 the wells of the cell control. All samples were incubated for one hour at 37°C. NA cells were The nutritional status of the 6 carcasses (two male, three female goshawks and one female 150 gyrfalcon) was appropriate. An overview about the pathomorphological findings is given in 151 Table 1 . Gross pathology revealed no specific findings except for a mild hepato-and 152 splenomegaly as well as moderate meningeal haemorrhages of the cerebellum in case 3. 153
Histological, the most striking feature in all cases was a moderate multifocal to diffuse non-154 purulent meningoencephalitis with slight lymphocytic meningeal and perivascular infiltrates 155 and formation of glial nodules (Fig. 2) . 
ELISA and Virus Neutralisation Test 194
Serological results are summarised in Table 2 . Table 2 ). 202
Electron microscopic examinations 203
Virions were found in negative staining in the suspension of organ tissue of goshawks, in the 204 allantoic fluid and brain tissue of infected chicken embryos (45-55nm in diameter). Virions 205 were enveloped, icosahedral in shape and resembled structurally viruses of the family 206 Flaviviridae (Fig. 5a) . 207
In ultrathin sections prepared from tissue of infected goshawks, flavivirus particles were 208 frequently seen in the cerebellum, liver, exocrine pancreas and spleen, which exhibited 209 multiple small foci of necrotic apoptotic lymphoid cells and deposition of fibrin. 210
Virus particles detected in the bird organs measured about 50nm in diameter and showed 211 typical flaviviral morphology, that is, a dense, round core surrounded by a thin, diffuse outer 212 layer. Viruses were often found solely in tissue cells, especially in pancreatic acinar cells (Fig.  213 5c). Packages of viruses, especially in cytoplasmic vacuoles, were rarely seen, however, most 214 frequently detected in hepatocytes (Fig. 5d) and perikarya or neuronal processes of brain 215 tissue (Fig. 5b) . Viral accumulations were also rare in heart, brain and splenic tissue of 216 infected embryos. 217
Neuroblastoma cells (Fig. 6a-c) , investigated after 18 and 24 hours, revealed a complex of 218 vesicular membrane structures of 80-100 nm diameters. Virus particles were observed within 219 the lumen of these membrane cisternae which were part of the endoplasmatic reticulum (ER) 220 and Golgi network (Fig. 6b-insertion) . In autolytic neuroblastoma cells (48h post infection) 221 virions were accumulated in large vesicles (Fig. 6c) . 
